Background Drug-induced liver injury (DILI), which can be caused by drugs, herbs, natural products, minerals, and other causes, and it leads to liver dysfunction and even to a life-threatening situation. Diagnosis is made by abnormal results on clinical tests of liver function, while reasonably excluding other reasons [1] . DILI progression can follow a predictable dose-dependent course (known as intrinsic DILI) or an unpredictable, non-dose-dependent course (also called idiosyncratic DILI) [2] . A large proportion of DILI cases occur as idiosyncratic events, and studies have shown the disease is the manifestation of the complex interplay between potentially immunogenic drugs or metabolites and the host's immune response [3, 4] . Most of DILI cases resolve upon withdrawal of the causative agent, but up to 20% of patients continue to progress and develop to chronic DILI [5] . Unfortunately, the global and country-specific incidence and prevalence of DILI is still only partially known, making it one of the most globally challenging disorders facing gastroenterologists [6] .
A population-based case-control study from the UK determined the crude incidence rate of DILI was 2.4 cases per 100 000 person years [7] . In an area of France, the incidence was estimated at 14 cases per 100 000 persons, corresponding to a number of events 16 times higher than that collected by pharmacovigilance centers [8] . More recently, a study in Korea estimated the incidence of DILI-related hospitalization at a teaching hospital to be 12 cases per 100 000 [9] , while a prospective in Iceland population-based study found that the crude incidence of approximately 19 cases per 100 000 a year [10] . To date, the rates and epidemiological profile of DILI in western of China have rarely been studied before.
Some studies in Chinese cohorts have attempted to shed light on the country-specific features of DILI. A population-based prospective study with tuberculosis patients showed a cumulative incidence of 2.55% for DILI caused by anti-tuberculosis drugs, indicating a substantial negative impact among this disease population [11] . In addition, a meta-analysis form Chinese literature found differences in the etiologies of DILI in China [12] . Thus, the aim of the present study was to find the detailed prevalence and incidence profile of DILI in China by assessing cases in a large tertiary teaching hospital at Chongqing, a municipality in western China. Herein, we present the incidence rate in the hospital, also the causes (the causative drug), clinical features and risk factors of DILI among a western of China population.
Material and Methods
This study used routinely collected clinical data in a de-identified format; as such, the Ethics Committee of Southwest Hospital of the Army Medical University waived the requirements for each patient consent or review by the Ethics Committee.
Patients and data collection
The medical records database of Southwest Hospital of the Army Medical University was searched retrospectively for patients who had been hospitalized with the diagnosis of DILI caused by medications (drugs), herbs (herbs remedies and traditional Chinese medicines), traditional remedies or other between January 2011 and December 2016. Patients were considered for study inclusion unless their diagnosis results of DILI met the following criteria [6, 13] : i) documented exposure of drug intake resulting in hepatotoxicity, defined as recent onset abnormalities in liver tests (bilirubin >2 mg/dL and/or aspartate aminotransferase (AST) or alanine aminotransferase (ALT) levels more than 3 times the upper limit of normal (ULN) and/or alkaline phosphatase (ALP) levels greater than 2 times the ULN); and ii) exclusion of other possible causes, for instance viral hepatitis (hepatitis A, B, C, D, and E), alcoholic hepatitis, cirrhosis (diagnosed either radiologically or clinically), autoimmune hepatitis, or liver tumors. The results of liver tests given immediately upon admission were used for the analysis [14, 15] . At the Southwest Hospital, the ULN for both ALT and AST levels are 42 U/L, and the ULN for ALP level is 114 U/L. Drug causality assessment was done by applying the Roussel Uclaf Causality Assessment Method (RUCAM) retrospectively [6, 16] , SZ and LS applied RUCAM to assess the causality respectively, and disagreements were resolved by involving YL and a chief physician of liver diseases in the hospital. Patients without demographic data, who lacked data for the precise chronology of medication records, who did not meet the onset time standard of the RUCAM, or which were categorized as "unlikely" and "excluded" according to the RUCAM score were excluded.
Clinical and laboratory data were retrieved from the medical records of all patients selected for study inclusion. Clinical data included age, sex, alcohol drinker status, symptoms and signs (i.e., presence of jaundice, skin rashes, encephalopathy, and ascites), causal agents, duration of drug exposure to recognition, duration of drug cessation to recognition, concomitant drugs, comorbid conditions, duration of treatment, and therapeutic outcome. Laboratory data included levels of AST, ALT, ALP, gamma-glutamyl transpeptidase (GGT), total bilirubin (TBIL), total proteins (TP), albumin (ALB) and serum creatinine (SCr), as well as prothrombin time (PT), prothrombin activity (PTA) and international normalized ratio (INR).
Etiology of DILI
Each patient's history of medications, including prescription, non-prescription, herbal and dietary supplement products, e919435-2 was obtained from the medical records. DILI of the patients was classified by the causation of the following classifications: medication, herb, health food or dietary supplement, combination, and other [9] . The medication category was subdivided according to the organ system or the mechanism of action.
The herb category was subdivided as Chinese patent medicine (herbal preparations approved by the National Health commission of China), Chinese herbal medicine (herbal medicines prescribed by a herb doctor or pharmacist) or medicinal herbs or plants that were recommended or instructed by an unauthorized people [9] . Vitamins, amino acids, and other materials used to provide nutrients were classified as healthy food or dietary supplement, the combination category represented cases with more than 2 causative agents that fell into the different categories and sub-categories aforementioned, and the other category represented cases with causative agent that could not treated as other categories defined.
Causality assessment
Causality assessment was based on RUCAM, which is used more widely by clinicians than other instruments. For the patients with no RUCAM scores in the medical records, 2 clinical pharmacists who were trained by doctors from our hospitals on the RUCAM scale assessed the scores according to the information in the patient's medical records retrospectively, and resolved any disagreements by discussion or by involving doctors who trained them. The RUCAM score card system is differentiated according to hepatocellular injuries or cholestatic injuries or mixed injuries, and it semi-quantitatively estimated the causality according to the scores based on timing drug usage and liver biochemistry washout, also the risk factors for DILI, possible medications, other diagnoses may resulting in liver injury, then rechallenge information, and scores are grouped into likelihood levels of "excluded" (score £0), "unlikely" (1-2), "possible" (3-5), "probable" (6-8), and "highly probable" (>8).
Types of DILI
Types of liver injury were determined from the R values calculated with the data of initial liver tests given at hospital presentation. According to the 2014 guideline [6] , the R value was defined as [(serum ALT/ULN)/(serum ALP/ULN)], it is the ratio of ALT activity expressed as the fold elevation over its ULN laboratory range to ALP. R ³5 was defined as hepatocellular injury, R £2 as cholestatic injury, and 2< R <5 as mixed injury. Besides, patients with AST or ALT ³3 UNL and TBIL ³2 UNL without evidence of cholestasis (ALP £2 UNL) were considered to be consistent with the Hy's law [17, 18] , and at the Southwest Hospital, the ULN for TBIL level is 21 μmol/L.
Severity of DILI
The severity of DILI was rate according to the livertox.nih.gov for DILIN severity score [19] . Briefly, mild DILI (grade 1) was defined by raised serum aminotransferase or ALP levels or both, but TBIL level <2.5 mg/dL and no coagulopathy (INR <1.5); moderate DILI (grade 2) was defined by raised serum aminotransferase or ALP levels or both and TBIL level >2.5 mg/dL or coagulopathy (INR >1.5) without hyperbilirubinemia; moderate to severe DILI (grade 3) was defined by raised serum aminotransferase or ALP levels and TBIL level >2.5 mg/dL and hospitalization (or prolonged preexisting hospitalization) because of the DILI; severe DILI (grade 4) was defined by raised serum aminotransferase or ALP levels and TBIL >2.5 mg/dL and at least 1 of the following: 1) prolonged jaundice and symptoms beyond 3 months, or 2) signs of hepatic decompensation (INR >1.5, ascites, encephalopathy), or 3) other organ failure believed to be related to DILI; death or liver transplantation for DILI was considered fatal DILI (grade 5).
Statistical analysis
The baseline clinical and laboratory data of the patients were described as median (range) for continuous variables and percentages for categorical variables. Non-normally distributed parameters were compared using Kruskal-Wallis, and for continuous variables, the Scheffé method was used (post-hoc test). Categorical variables were compared using the Pearson's c 2 test. A P-value <0.05 was regarded as indicating statistical significance. All statistical analyses were performed on a personal computer with the statistical package SPSS for Windows (version 22.0).
Results

Patient characteristics
From January 2011 to December 2016, there were 729 229 admissions to the Southwest Hospital, of which 1811 patients (0.248%) were with a diagnosis of DILI. Screening of the demographic and clinical data led to 1096 patients (60.52%) being selected for study inclusion and data analysis, and the patients mostly represent Chinese Han population living in Southwest of China. DILI patients who were excluded from the analysis represented other competing cases of viral hepatitis (229 patients), alcoholic hepatitis (41 patients), cirrhosis (40 patients), autoimmune hepatitis (87 patients) and liver tumors (7 patients). An additional 311 patients were excluded due to lack of demographic or clinical data, not meeting the onset time standard of RUCAM, or being classified as "unlikely" or "excluded" by the RUCAM score.
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The distribution of the included DILI cases over the study period is shown in Table 1 ; summaries of demographic, clinical, and laboratory variables are shown in (13), methylprednisolone (10), dexamethasone (5), levothyroxine sodium (3), methimazole (4), propylthiouracil (8), insulin (2), metformin (12), progestin (5), gestrinone (1), methotrexate (23), leflunomide (14), tacrolimus (6), cyclosporine (7), colchicine (7), cyclophosphamide (9), azathioprine (4), allopurinol (5), cetirizine (1), ebastine (1), ketotifen (1) Analgesic 37 (3.38) Acetaminophen (15) , diclofenac (7), meloxicam (5) e919435-5 20 .13% being 50 to 59 years old, and 23.54% being ³60 years old. Since there were only 47 patients younger than 18 years old (4.29%), we did not separately analyze the data of children and adults. There were 296 patients who drank alcohol, but without alcoholic liver disease, so they were included in our analysis. The most frequent comorbidities among the total cases were kidney disease (112 patients; 10.22%), diabetes (113 patients; 10.31%), high blood pressure (121 patients; 11.04%) and infection (210 patients; 19.16%); other comorbid conditions included depression, gastritis, leukemia, gout, arthritis and hyperthyroidism. We did not have clear data on the incidence of chronic DILI, but 1 patient was definitely diagnosed as chronic DILI and 16 patients were hospitalized for more than 60 days. There were only 18 patients who underwent liver biopsy, and due to the small number, we did not make a separate analysis. Clinical outcomes ranged from cure (clinical symptoms disappeared and liver function biochemical laboratory parameters returned to normal in 148 patients [13.5%]) to death (1 patient; [0.09%]), with 881 patients (80.38%) showing improvement (clinical symptoms disappeared and liver function biochemical laboratory parameters got better), 6 patients (0.55%) were discharged because of treatment failure (liver function biochemical laboratory parameters unchanged or got worse), and 60 patients (5.47%) being discharged with insufficient treatment, which means the patients left the hospital before their treatment was complete. As in China, many patients with serious diseases and ineffective treatment will choose to give up treatment and be discharged, so, we only know 1 patient who died in hospital from the medical records database, and we do not know the final outcome of the 66 patients with treatment failure or without sufficient treatment.
Etiology of DILI
The distribution of DILI etiologies among our study population, categorized by the specific causative agents, is shown in Table 3 . The most common agent causing drug-induced liver injury was medication (462 patients; 42.15%), followed closely by herbs (391 patients; 35.68%). Of note, 103 out of the 172 patients (59.88%) with DILI caused by antimicrobial agents were caused specifically by antitubercular agents, and for the analgesics-caused DILI, only 5 cases were caused specifically by acetaminophen.
The proportion of etiologies was significantly different between age groups. The median age was significantly lower in the medications group (P<0.001; Figure 1 ), and the incidence of liver injury caused by herbs was significantly higher among female in the other group compared with the medication group (P<0.05). The frequency of jaundice was significantly higher in the herb group, the health food or dietary supplement group and the combination group (P<0.001).
Occurrences of skin rashes, encephalopathy and ascites were * Number (%). 
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significantly higher in the medication group and the combination group (P<0.05). The median levels of ALT and AST of the herb group were higher than the medication group (P<0.001), and TBIL of the herb group and the health food or dietary supplement group was higher than the other groups (P<0.001), and DBIL of the herb group was higher than the other groups (P<0.001). In addition, the frequency of Hy's cases was higher in the herb group and the health foods or dietary supplement group (P<0.001), see Table 4 .
Variable Medications Herbs
Health foods or dietary supplements
Combined
Others p 
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Statistics showed RUCAM scores of the patients ranged from 3 to 14, with a median of 7. Causality assessment showed the likelihood levels of highly probable in 207 patients (18.89%), probable in 652 patients (59.49%) and possible in 237 patients (21.62%) ( Table 2 ). The distribution of cases with different etiologies according to causality is shown in Figure 2 .
Comparison of etiology with causality revealed that the frequency of highly probable cases was lower in the herb group (P<0.001), and the frequency of probable was higher in the herb group and the combination group (P<0.001). The other group did not show any differences (P>0.05).
Types of DILI
Hepatocellular, mixed and cholestatic DILI were present in 417 (38.05%), 265 (24.18%) and 414 (37.77%) patients, respectively ( Table 2 ). According to the medical records database of the hospital, the patient who died was cholestatic DILI, and 7 of the 11 patients underwent liver transplantation were hepatocellular DILI, 3 were cholestatic DILI and 1 mixed DILI. The distribution of cases with different etiologies according to types of DILI is shown in Figure 3 . Comparison of etiology with DILI types revealed that frequency of hepatocellular DILI was higher in the herb group and the health food or dietary supplement group (P<0.001), and frequency of cholestatic DILI was higher in the medication group and the combination group (P<0.001).
Severity of DILI
The distribution of DILI grades was 640 patients (58.39%) with grade 1, 49 patients (4.47%) with grade 2, 358 patients (32.66%) with grade 3, 37 patients (3.38%) with grade 4, and 12 patients (1.1%) with grade 5 ( Table 2 ). The distribution of cases with different etiologies according to severity of DILI is shown in Figure 4 . Comparison of etiology with severity of DILI revealed that frequency of grade 3 DILI was lower in the medication group and higher in the herbs group (P<0.001), frequency of grade 4 DILI was lower in the combined group and higher in the herbs group (P<0.001), and frequency of grade 5 DILI was higher in the combined group (P<0.001).
Discussion
The majority of patients (93.9%) in this study were either cured or showed improvement following clinical intervention; as such, assessing the influence of etiology on outcomes was untenable. Besides, we acknowledge that RUCAM should be used prospectively for timely collection of the relevant data, but unfortunately, it is often used late, after the onset of the liver injury, reducing the chance to detect new hepatotoxins 
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and increasing inter-rater variability. Nevertheless, retrospective but careful RUCAM-based analyses of well documented DILI and HILI cases can provide high causality degrees. In our study, although we use RUCAM retrospectively, we tried our best to reduce relevant judgment bias [20] . The most common causative agents identified were medications and herbs, and the largest category among the medications was antimicrobial agents, which also represent the most common type of drugs that have been reported for DILI [21, 22] . Previous studies by others have described the clinical phenotype of DILI caused by different types of antibiotics, revealing a high variability [23] ; for example, amoxicillin-clavulanate produce a delayed onset, while cefazolin has a latency period of 1 to 3 weeks after exposure (with a self-limited, moderate to severe clinical course) [24] [25] [26] and DILI caused by nitrofurantoin can manifest a few years after treatment [27] .
Clinicians presented with patients having symptoms and signs of DILI should initiate prompt cessation of any suspected drug, given the severe consequences of adverse liver reactions if left unchecked [23] . For pediatric patients, the clinical staff needs to maintain particular awareness of the potential risk of liver injury associated with ceftriaxone, cotrimoxazole and clarithromycin, even when these drugs are administered for short periods [28] . The largest category of DILI-related antimicrobial agents identified in our Chinese patient population was antitubercular agents, which are also the most prevalent hepatotoxic agents in many countries. Studies by others have indicated that all patients on antimicrobial agents should be considered for universal liver monitoring, particularly during the first 8 weeks of treatment [29] , and genetic factors associated with antitubercular DILI have been reported which may help in these efforts [30, 31] .
As the use of Chinese herbal medicine continues to spread worldwide, the associated liver injuries, or potential for such, have attracted attention of clinicians and researchers alike. It is often difficult to characterize liver injury attributable to herbal medicine because of the complexity of marketed products and under-reporting by the patients who use them [32, 33] . Analysis of reported cases highlighted numerous specific herbal products with hepatotoxic potential, including Radix Scutellariae and Glycyrrhiza Uralensis, and firmly established the causality in such cases for some [34] . In our study, 60 of the DILI cases were associated with patent medications, herbal medicine, folk remedies, or health foods that contained polygonum multiflorum, which is gaining popularity for treatment of many conditions, particularly those associated with aging [35] . Polygonum multiflorum can cause liver damage to various extents, even up to death, and long-term use and overdose increases the risk of both; however, active treatment can lead to cure [36] . Thus, consumers should be alerted to the potential of liver damage when taking preparations containing polygonum multiflorum.
As has been found with some of the previously studies of DILI [9, 37] , our study population showed a different distribution of sex among the DILI cases with different etiologies. For the factors of age and sex, the differences observed in our study population might have been related to the patients' medication habits. Clinical features were different among the DILI cases with different etiologies, but across all etiologies jaundice was the most common symptom. A previous study showed that the frequencies of jaundice, skin rashes, encephalopathy and ascites were different between patients using anti-tuberculous drugs and patients not using them [10] . In our study, jaundice was higher in patients using herbs, health foods, and combinations, while skin rashes, encephalopathy and ascites were higher in patients using western medications and combinations. For laboratory features, the reported DILI-related changes have mostly varied among the different studies [8] [9] [10] 38] . However, the liver biochemistry parameters have shown consistent differences the correspond to the different types of DILI classified by etiology, severity or other classification methods; the detailed mechanisms remain unknown. In general, the patients in our study with herb-induced liver injuries showed higher values of ALT, AST, TBIL, and DBIL. In addition, DILI with etiologies of herbs and health foods or dietary supplements presented higher frequencies of hepatocellular injury DILI, as compared to the other etiologies. Besides, in our study, there were 2.1% patients with severity of grade 4~5 DILI.
Conclusions
Our hospital treated 1811 patients diagnosed with DILI between 2011 and 2016, accounting for 0.248% of the total hospital admissions. Among the 1096 cases included in our analysis, the etiologies of DILI were most frequently medications (462 patients; 42.15%) and herbs (391 patients; 35.68%), followed by health foods or dietary supplements (26 patients; 2.37%), combinations (189 patients; 17.24%) and others (28 patients; 2.55%). Differences in distributions of age, sex, clinical features, laboratory features, and types and severity of DILI in patients corresponded with different etiologies of DILI in our Chinese patient cohort. These data not only reveal novel characteristics of DILI in Chinese patients but may serve as references for prevention, diagnosis and treatment of this disease in China.
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